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MODULATION OF THERAPEUTIC AGENT RELEASE 
FROM A POLYMERIC CARRIER USING SOLVENT-BASED TECHNIQUES 

FIELD OF THE INVENTION 

(00011 The present invention relates to methods for controlling deli very of a 
therapeutic agent from a polymeric earner. 

BACKGROUND OF THE INVENTION 

(0002] Numerous medical devices have been developed for the localized delivery of 
therapeutic agents to bodily tissue. 

|0003] In accordance with i live itc !' peuti igecrt is provided 
within a polymeric carrier that is associated with a medical device. Once the medical 
device is placed at the desired location upon or within the body, the therapeutic agent 
diffuses from the polymeric carrier, in tins way, delivery of the therapeutic agent to 
bodily tissue is achieved. 

|0004J The desired release profile for the therapeutic agent is dependent upon the 
particular treatment at hand, including the specific condition being treated/prevented, the 
specific therapeutic a gem selected, the specific she of administration, and so forth. 
jODGSj It is therefore beneficial to have the means to adjust the release profile of 
therapeutic agent. 

SUMMAR Y OF THE INVENTION 

(0006) The above and other needs of the prior art are met by the present invention, 
which is directed to a novel solvent-based strategy whereby the release profile of a 
therapeutic agent from a therapeutic-agent-loaded polymeric earner is modulated. 
[0Q07J According to an embodiment of the invention, a. method of modulating a rase 
of release of a therapeutic agent from a medical device is provided. The method 
comprises: (a) providing a solution comprising a therapeutic agent, a polymer and a 
solvent system; and (b) forming a therapeutic -ag i > metric earner for the 
medical device by evaporating She solvent system. The rate of release is modulated by 
el rigingl ec rq i ton of the solvent system. 
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[0008] The composition of (he solvent system can be changed in a number ways, 
including adding solvent species to the solvent system, removing solvent species from the 

ysl i > md t t 1 species from t r >> < "The 

solvent system can also be changed by varying the ratio of solvent species within the 
solvent system. 

|00091 Medical devices that can be made by this method include implantable or 
i 1 i < al devices for exam ib c s ! n ical devices. 

Preferably, the polymeric carrier is incorporated into the medical device as a coating over 
at least a portion of the medical device. 

{00101 hi some preferred embodiments, the polymeric carrier includes a polymer 
blend. In other preferred embodiments, the polymeric carrier includes a block copolymer. 
Preferred block copolymers are those comprising at least one polyolefin block and at least 
one polymethacrylate block or polyaromatic block. More preferably, the block 
copolymers comprise at least one block of polyisobutylene and at least one block of 
polystyrene or a polystyrene derivative. 

[0011] As a specific example, a method is provided, which comprises: (a) providing 
a solution that further comprises (t) a block copolymer hav ing at least one block of 
polyisobutylene and ai least one block of polystyrene or a polystyrene derivative, (is) 
p clitaxel md (tii) t solvent te n c >m| r ne and tetrahydrofuran; and (b) 
forming a therapeutic ig "J. meric carrier i r th medical device by 

evaporating the solvent system. In this example, the release rate of the paclitaxel from 
the poKmtr earnes afier so < nt s; sten i i is m > iuia < d in 1 pr liei ibie f wbitm 

by varying the amount of toluene relative io tcttahydrofuran within the solvent system. 
For example, the release rate of the paclitaxel from the polymer carrier is decreased by 
rea ing tl* amount of toluene rela to tetr ivdromran within the solvent system, 
[0012] An advantage of the present invention is that it provides an effective method 
for controlling the release profile of a therapeutic agent from a therapeutic-agent-loaded 
polymeric carrier. 

(0013) These and other embodiments and advantages of the present invention will 
become immediately apparent to those of ordinary skill in the art upon review of the 
Detailed Description and Claims to follow. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

(0014} Fig, i is a plot of cumulative paclitaxel release as a function of time for 
various solvent systems consisting of tetrabydtofaran and toluene. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] Aceordin u I odin enl of the- present invention, release of a therapeutic 
agent from a therapeutic-agent-loaded polymeric carrier is modulated by varying the 
characteristics of the solvent system that is used to formulate the carrier. 
(OOlfJj A therap - - <. loaded polymeric carrier formed na rd nee with the 
present invention is preferably associated with a medical device to effect delivery of the 
therapeutic agent. For example, the therapeutic-agent-loaded polymeric carrier can 
constitute the entirety of the medical device or just a portion of the medical device. 
Portions of medical devices for which the therapeutic-agent-loaded polymeric carriers of 
the present invention find use include any fraction of a medical device, such as medical 
device coatings, medical device components, portions of medical device components and 
so forth. 

[0017] In many preferred embodiments, a therapeutic-agent-loaded polymeric carrier 
is provided in the form of a coating on a medical device surface, including internal and/or 
external surfaces. The medical device surface or surfaces upon which the therapeutic- 
agent- loaded polymeric carrier is disposed can be formed from a wide variety of 
materials, including glasses, metals, polymers, ceramics and combinations thereof. 
[0018] Preferred medical devices for use in conjunction wifh the present invention 
include catheters (preferably vascular catheters such as balloon catheters), guide wires, 
balloons, filters (e.g., vena cava filters), vascular stents, non-vascular stents (e.g., 
esophageal stents), stent grafts, cerebral stents, cerebral aneurysm filler coils (including 
GDC-Gogi i inn detachable coils-and metal coils), vascular j < tal plugs, 

pacemaker leads and heart valves. The therapeutic-agent-ioaded polymeric carriers of the 
present invention can also be used in connection with intraluminal paving systems and in 
connection with composites for aneurysm fillers. 

10019] The medical devices contemplated for use in connection with the present 
invention include drug delivery medical devices that are used for either systemic 
treatment or for the treatment of any mammalian tissue or organ. Non-limiting examples 
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are tun < ot I united to the he 1 

bladder, urethra and ursters, eye, intestines, stomach, pancreas, ovary, and prostate; 
skeletal muscle; smooth muscle; breast; cartilage; and bone. 

[0020] Medical devices comprising therapeuticagent-loaded polymeric carriers made in 
accordance with the present invention can be placed in a wide variety of bodily locations 
for contact with bodily tissue and/or fluid. Some preferred placement locations include 
the coronary vasculature or peripheral vascular system (referred to collectively herein as 
"the vasculature' 1 }, esophagus, trachea, colon, biliary tract, urinary tract, prostate and 
brain. 

(0021} In some instances, it may be desirable to temporarily enclose the thesrapeuttc- 
agem-ioaded polymeric carrier to prevent initiation of release before the medical device 
reaches its ultim t placemen! in \sm i example, a oal tent or catheter 
comprising a therapeutic-agent-loaded polymeric carrier can be covered with a sheath 
during insertion into the body to prevent premature therapeutic agent release. 
{0022} Therapeutic agents useful in. connection with the present invention include 
essentially any therapeutic agent that is compatible with solvent-based techniques and 
with the selected polyi •■ :e g , is not adverse' - t ha polymeric carrier 

and can be released from the polymeric carrier). Therapeutic agents may be used singly 
or m combination. 

(0023} "Therapeutic agents", "pharmaceutical!)'' active agents", "pharmaceutically active 
ma a drug tnd her lelated 1 rm may be used i 1 1 herein ind 

include genetic therapeutic agents, non-genetic therapeutic agents and cells. 
[0024] Exemplary non-genetic therapeutic agents include: (a) antithrombotic agents 
such as heparin, heparin derivatives, urokinase, and PPack (dextrophenylalanins proline 
argiohie diforoinethylkeione); (b) anti-inflammatory agents such as dexamethasone, 
prednisolone, corucosterone, budesonide, estrogen, sulfasalazine am:! mesalamme; (c) 
antineopiastic/annproSiferaSive/anti-mjotic agents such 8$ pacbtaxel, 5-fluorouracil, 
cisplatm, vinblastine, vincristine, epothilones, endostatin, angiostatin, angtopeptin, 
monoclonal antibodies capable of blocking smooth muscle cell proliferation, and 
thymidine kinase inhibitors; (d) anesthetic agents such as lidocame, bupivacaine and 
ropivacame; (e) anti-coagulants such as D-Phe-Pro-Arg chloromethyj ketone, an ROD 
peptide-containing compound, heparin, hirudin, antithrorabra compounds, platelet 
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receptor antagonists, atrti-thrombin antibodies, anti-platelet ret n\ Ik - aspirin, 

prostaglandin inhibi ' telet peptides; (f) vascular cell 

growth promoters such as growth factors, transcriptional activators, and translational 
promoters; fgj vascular cell growth inhibitors such as growth factor inhibitors, growth 
Factor receptor antagonists, transcriptional repressors, tnmslaiional repressors, replication 
inhibitors, inhibitory antibodies, antibodies directed against growth factors, Afunctional 
molecules consistin of a growtl factor and a c « in, Afunctional noleeules 
consisting of an antibody and a cytotoxin; (h) protein kinase and tyrosine kinase 
inhibitot s {e.g., tyi eyclin analogs; (|) 

choksteroblowe tig agen ( angiopoietios; (!) arttim ni such as trielosan, 

cephalosporins, aminoglycosides and nitrofurantoin; (m) cytotoxic agents, cytostatic 
agents and cell proliferation affectors; (n) vasodilating agents; and (o)agents that 

l i th en ' s vasco r j anism 
(0025J Exemplary genetic therapeutic agents include anti-sense DNA. and RNA, as 
well as DNA coding for: (a) anti-sense RNA, (b) tRNA or rJRNA to replace defective or 
deficient enc g v i mol ulc ) an v enie fac t tdn th f tr is such as 
acidic and basic fibroblast growth factors, vascular en 1 • h factor, epidermal 

growth factor, transform ing growth factor a and & platelet-derived endothelial growth 
factor, platelet- derived growth factor, tumor necrosis factor tx, hepatocyte growth factor 
and insulin-like growth factor, (d) cell cycle inhibitors including CD inhibitors, and (e) 
thymidine kinase ("TK") and other agents useful for interfering with cell proliferation. 
Also of interest is DNA encoding for the family of bone morphogenie proteins 
( W BMPV), including BMF-2, BMP-3, BMP-4, BMP-S, BMP-6 (Vgr-1), BMP-7 (OP-1), 
BM.P-8, BMP-9, BMP-10, BMP-11, BMP-12, BMP43, BMP-14, BMP-1 5, and BMP-3 6. 
Currently preferred BMP's are any of BMP-2, BMP-3, BMP-4, BMP-5, BMP-6 and 
BMP-?. These dimeric proteins can be provided as homodrmers, heterodimers, or 
combinations thereof alone or together with other molecules. Alternatively, or in 
addition, molecules capable of inducing an upstream or downstream effect of a BMP can 
be provided. Such molecules include any of the "hedgehog" proteins, or the DNA's 
encoding item. 

|0026) Vectors of interest for delivery of genetic therapeutic agents include (a) 
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plasmids, (b) viral vectors such as adenovirus, adenoassociated virus and ientivirus, and 

(c) non-viral vectors such as lipids, liposomes and cationic lipids. 

{00271 Cells include cells of b n irigin (autologous or allogenei * i eluding stem 
cells C3 from gineered if 

desired to deli erpi m of interest. 

[0028] A number of the above tlx ipeuti » cuts and » ral ot ts 1 ve also been 
identifk 1 is dp. nts targeting 

teno ?ueh a - , < 1 « rth ractke of the pi ti m - ai 
include one or more of the following' (a) Ca- channel blockers including 
ben thi ip i in 1 i dihi em and clennazern Id n ich a? lf pin 

amlodip i ' 1 ics such as verapamil, (b) serotonin 

pathwa modulators mcludin HT an msts such inse ftidrofuryl, as 

well as 5-HT uptake inhibitors such as fluoxetine, (c) c I nucleot c ithway agents 
inch cim< I i i trs such as cilostazole and dipyridamole, 

adenylate/Guanylate cyclase stimulants such as forskolin, as well as adenosine analogs, 

(d) catecholamine modulators including ^antagonists such as prazosin and bunazosine, 
P-antagonists such as propranolol and a/ji-antagonists such as lal>etalol and catvedilol, (e) 
endothelin receptor antagonists, (f) nitric oxide donors/releasing molecules including 
organic nitrates/nitrites such as nitroglycerin, isosorbide dinitrate and amyl nitrite, 
inorganif nitroso compound > I chum nitroprusside, sydnonimines such as 
molsidomine and iinsidomine, nonoates such as diazeniuin diolates and NO adducts of 
alkanediamines, S-nitroso compounds including low molecular weight compounds (e.g., 
S-nitroso derivatives of captopril. glutathione and N-acetyl penicill mil . at d high 
molecular weight compounds {e.g., S-nitroso derivatives of proteins, peptides, 
oligosaccharides, polysaccharides, synthetic polymers/oligomers and natural 
potymers/oligoraers}, as well as C-nitroso-compounds, Onitroso-compounds, N-nitroso- 
compoonds and L-arginine, (g) ACE inhibitors such as cilazapril, fosinopril and enalapril, 
(h) ATil-receptor antagonists such as saralasia and losartin, <i) platelet adhesion 
inhibitors such as albumin and polyethylene oxide, (j) platelet aggregation inhibitors 
including aspirin and thienopyridine (ticlopidine, clopidogrel) and GP ITb/Ula inhibitors 
such as abciximah, epiiifibatide and tirofiban, (k) coagulation pathway modulators 
including heparinoids such as heparin, low moieculai eat hi heparin, dexiran sulfate and 
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p-cyclodexn i reft k sulfate, thrombin inhibitors such as hirudin, hirulog, PPACK(D- 
phe-L-propyl-L-arg-chlororaefitylketooe) and argatroban, FXa inhib it n > >uch as 
aotistirtin and iAl (tick mtici pep i inb ich a varfarin us 

well as activated protein C, (1) cyclooxygenase pathway inhibitors such as aspirin, 
ibuprofen fui itprofca 1 * r il and synthetic 

corticosteroids such as dexamethasone, prednisolone, methprednisolone and 
hydrocortisone, (n) lipoxygenase pathway inhibitors such as nordihydroguairefic acid and 
caffeic acid, (o) ieukotriene receptor antagonists, (p) antagonists of E- and P-selectins, (q) 
inhibitors ofVCAM-1 and ICAM-1 interactions, (r) prostaglandins and analogs thereof 
including prostaglandins such as PGE! and PCI2 and prostacyclin analogs such as 
ciprostene, epoprostenoi, earl i elm, i oprost and beraprost, (s) macrophage activation 
preventers including bisphosphonates, (t) HMG-CoA reductase inhibitors such as 
lovastaiin. pravastatin, fiuvastatin, simvastatin and cerivastatin, (u) fish oils and omega-3- 
fatty acids, (v) free-radical scavengers/antioxidams such as probucol, vitamins C and B, 
ebselen, trans-retinoic acid and SOD mimics, (w) agents affecting various growth factors 
inclu ing R \ r ' vay agents such as bFGF antibodies and chimeric fusion proteins, 
PDGF receptor antagonists such as trapidil, IGF pathway agents including somatostatin 
. i » as ai-c ptm and oc eoitde PGF-P pathwa agents such as polyanionie 
agents (heparin, fucoidinj, decorin, and TGF-|3 antibodies, EGP pathway agents such as 
EGF antibodies, receptor antagonists and chimeric fusion proteins, TNF-a pathway 
agents such as thalidomide and analogs thereof, Thromboxane A2 (TXA2) pathway 
modulators such as suiotroban, vapiprost, daxoxiben and ridogrel, as well as protein 

rosme kinase in ito «ch phostin j i quin dm ieri ati ) 

MMP pathway inhibitors such as marimasiat, ilomastat and metastat, (y) cell motility 
inhibitors such as cytochalasm B, (z mti t eoplast ents including 

antimetabolites such as purine anftlogsft-mercaptopurine), pyrtmidine analogs (e.g., 

tara md 5-11 i 1 d methotrexate nitrogen mustards, alkyl sulfonates, 
ethyl enimines, antibiotics {e.g., daunorubkk, doxorubicin), nitrosoureas, ctsplatin, agents 
affecting microtubule dynamics (e.g., vinblastine, vincristine, colchicine, paclitaxei and 
epothibne), caspase activators, proteasome inhibitors, ai si si tutors (e g , 

endostatin, angiostatin and squalamine), rapamycin, cerivastatin, fiavopiridol and 
suramin, (aa) matrix deposition/organization pathway inhibitors such as h&iofugmone or 
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other quinazoHui m< d nva lives and tranilast, (bb) endo&elialization facilitators such as 
VEGF and ROD peptide, and (cc) blood rheology modulators such as pentoxifylline. 
(€029} Several of the above and numerous a 1 il t i, ems at >ria 

for the practice of the present invention ate also disclosed in U.S. Patent No. 5,733,925 
assigned to NeoRx Corporation, the entire disclosure of which is incorporated by 
re fete nee , 

[0030] A wide range of therapeutic agent loadings can be. used in connection with the 
above polymeric carriers, with the amount n iing being readily determin » 
< t\ U in t and ultin pend >n the ndition f . s t id ' c 

net re oi h !' •» ipe it i '• m itself, the means by which the therapeutic -agent- loaded 
polymeric carrier is administered to the intended subject, and so forth. The loaded 
polymeric carrier will frequently comprise from 1% or less to 70 wt% or more therapeutic 
agent. 

(003 1 1 Polymers for use in forming the polymeric carrier include essentially any 

l that allows tor the release of the therapeutic agent, 
can be dissolved in a solvent system, and is compatible with solvent-based techniques, 
with the therapeutic agent, with the medical device, with its site of administration, and so 
forth, he polymers may be I tatural or 

synthetic, thermoplastic or thermosetting. 

|0032 j Exemplary pol ^er i cl i wing: \ <■ i J d polymers 

and copoi V TiKi- UH tiding p is ('e.g., act d p t ions and various 

poly-acrylic acid products such as HYD.RQPLUS, available from Boston Scientific 
Corporation, Natick Mass. and described in U.S. Patent No. 5,091,205, the disclosure of 
which is hereby incorporated herein by reference, and HYDROPASS, also available from 
Boston Scientific Corporation); acetaJ polymers and copolymers; acrylate and 
methacryiate polymers and copolymers; celiulosic polymers and copolymers, including 
cellulose acetates, cellulose nitrates, cellulose propionates, cellulose acetate butyrates, 
cellophanes, rayons, rayon triacetates, and cellulose ethers such as carboxymethyl 
celluloses and hydoxyalkyl celluloses; poiyoxymethylene polymers and copolymers; 
polyimide polymers and copolymers such as polyether block iorides, 
p< lybismaleini ... : s w iyamidimides, polyesterirnides, and pol ye then snides; polysulfone 
polymers and copolymers including polyarylsuifones and pol; - i vl> amide 
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pollers and copolymer - i img nylon 6,6, polycaprolactanis and poiyacryiamMes; 
resins including alkyd resins, phenolic resins, area resins, melamine resins, epoxy resins, 
1 < s > i< : > poi arbonatt polyacrylonitrile T < vmylpyrroltdones 

(cross-Hnked and otherwise); anhydride polymers and copolymers including maleic 

rners and copolymers of vinyl monomers including polyvinyl 
alcohols, polyvinyl halides such as polyvinyl chlorides, etbylene-vmylacetate copolymers 
(EVA), polyvinytidene chlorides, polyvinyl ethers such as polyvinyl methyl ethers, 
polystyrenes, styrene-butadiene copolymers, aerylonitiik-styrene copolymers, 

01 'it styrene copolymers tyrene-butadien styrene copolymers and 

sryrene-isoborylene-sryrene copolymers, polyvinyl ketones, polyvinylcarbazoles, and 
polyvinyl esters such as polyvinyl acetates; polybenzimidazoies; ionomers; polyalkyl 
oxide polymers and copolymers including polyethylene oxides (PEO); 
glycosaminoglycans; polyesters including polyethylene terephthalates and aliphatic 
polyesters such as polymers and copolymers of lactide (which incl udes lactic acid as well 
as d-,1- and roeso lactide), epsikm-eaprolaetone, glycol ide (including glycoKc acid), 
faydroxybuiyrate, hydroxyvalerate, para-dioxanone, trim ethylene carbonate and its alkyl 
derivatives), ! ,4-dioxepan-2-one, l,5-dioxepan-2-one« and 6,6-dimethyI-l 1 4-dioxan-2-one 
(a copolymer of polylacuc acid and polycaprolactone is one specifi ■ ■ , polyether 
polymers and copol i 1 i g poJyarylethers s n * | i tyiene ethers, 
polyether ketones, polyether ether ketones; polyphenylene sulfides; polyisocyanates (e.g., 
U.S. Patent No. 5,091,205 describes medical devices coated with one or more 
polyisocyanates such that the devices become instantly lubricious when exposed to body 
fluids.): polyolefin polymers and copolymers, including polyalkylenes such as 
polypropylene i thylenes (low and high density, low and high molecular weight), 
polybutylenes (such as polybuM -ene and polyisobutylene), poly-4-roethyl-pen-l-enes, 
ethylene -aipha-olefin copolymers, ethyiene-methyl rnethacrylate copolymers and 
ethylene-vinyl acetate copolymers; fluorinated polymers and copolymers, including 
polytetrafluoroethylenes (PTFE),po3><tetrafluoroethylene~co-hexafluoropropene) (FEP), 
modified ethylene-tetrafluoroefeylene copolymers (ETFE), and polyvinylidenc fluorides 
(PVDF); silicone polymers and copolymers: polyurethanes (e.g., BAYHYDROL 
polyurethane dispersions); p-xylyiene polymers, polyimmocarbonases; copoly(e(her- 
esters)sucl as j d> th leoe oxide-polylaetie acid copolymers; polyphosphazines; 
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lyalkylei alates; pol rmdes and t >xa is (including most on a > i 
amines and i I sps); polyorthoesters; biopolYmers, sucb as polypeptides, 
- i ! ,1 eharid u tt k at ) ' 1 t ii \ P* - brinoge 

collagen, eiastin. ehitosan. gelatin, starch, giycosaminoglycans such as hyaluronic acid; as 
well as blend; md >p meis oJ the above. 

[0033] Preferred polymers for use in connection with the present invention are block 
copolymers having at least two polymeric blocks A and 8. Examples of such block 
copolymers include the following: (a) BA (linear dibloek), (b) BAB or ABA (linear 
triblock), (c) B(AB) n or A(BA) a (linear alternating block), or (d) X-(AB}„ or X-(BA)„ 
(includes die-lock, triblock and other radial block copolymers), where n is a positive 
whole number and X is a starting seed molecule. 

|0034] One specific preferred group of polymers have X-(AB) „ structures, which are 
frequently referred t< as cibio k c< pol i ret and triblock copol net j where n~l and n~2, 
respectively (this terminology disregards the presence of the starting •< J molecule, for 
example, treating A-X-A as a single A block with the triblock therefore denoted as BAB), 
Where n=3 or more, these structures are commonly referred to as star-shaped block 
copolymers, 

f0035| The A blocks are preferably soft elastomeric components which are based 
upon one or more polyolefms, more preferably a polyoleftme block having alternating 
quaternary and secondary carbons of the general formulat ion: -(CRR'-CH.j V, where R 
and R : are linear or branched aliphatic groups such as methyl, ethyl, propyl, isopropyl, 
butyl, isobulyl and so forth, or cyclic aliphatic groups such as cyclohexane, cyclopentane, 

and the like, with and without pendant groups. Polymers of isobutylene, CH ^ 
{i.e., polymers where R and R' are the same and are methyl groups) are more preferred. 
|0036] The B blocks are preferably hard thermoplastic blocks that, when combined 
with the soft A blocks, are capable of, inter alia, altering or adjusting the hardness of the 
resulting copolymer to achieve a desired combination of qualities. Preferred B blocks are 
polymers of roemacrylates or polymers of vinyl aromatics. More preferred B blocks are 

(a) made from monomers of styrene , styrenc derivatives (e.g., a- 
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i t tyre ies) <>i mixtures of the 

! > t if i 1 ' monom of methyl thacrylate, ethyl tnethacr; late 
hydiowc- j c . ot mixtures of the same. 

[0037| Particularly preferred polymers for use in connection with the present 
invention include copolymers of po i < it \ r t > > m 1 ren 

more pre! i i < b 1 y < 1 ! ' ^ t < n^ These 

polymers are described, for example, in U.S. Patent No. 5,741,331, U.S. Patent No. 
4,946,899 and U.S. Serial No. 09/734,639, each of which is hereby incorporated by 
reference in its entirety. 

[0038] The polymers can also be used in connection with further auxiliary materials 
to achieve a desired result Such i riliarj t is m >de bi dors blending agents, and 
so forth, 

[0039] In some cases, it may be useful to coat the therapeutic -agent-loaded 
polymeric arrie vith an additi na j mer layer, which may serve, for example, as a 
boundary layer to further retard diffusion of the therapa ti ag u 1 he material 
constituting additional polymer layer may or may not be of the same material as the 
polymeric carrier and can be selected from th 

(00401 In general, the therapeutic-agent-loaded polymeric earners of the present 
invention are formed using any of a number of known solvent-bas < i hi ques in which 
the polymer and therapeutic agent are fust dissolved m a solvent, after which the resulting 
solution is used to form the loaded polymeric carrier. Hence, in the present invention, 
the therapeutic agent is loaded concurrently with polymeric carrier formation. 
[0041] Preferred solvent-based techniques of this nature include, but are not limited 
lo, solvent casting, spin coating, web coating, solvent spraying, dipping, coating via air 
suspension and mechanical suspension techniques, ink jet techniques, electrostatic 
techniques, and combinations of these processes. 

(0042 j In some of these techniques, a solu > g ol p; therapeutic agent 
and polymer is applied to a substrate to form therapeutic -agent-loaded polymeric carrier. 
The substrate can be. for example, ail or a portion of a medical device to which a 
therapeutio-agent-loaded polymeric carrier is applied as a coating. The substrate can also 
be, for example, a template from which the therapeiitiG-agentToaded polymeric carrier is 
removed after sol vent elimination. Such template-based techniques are particularly 
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appropriate for forming simple objects sued as sheets, tubes, cylinders and so forth, which 
can be easily removed front a template substrate. 

|0043 j In other techniques, for example, fiber forming, the iherap: . tk . gent-loaded 
polymeric carrier is formed without the aid of a substrate. 

(i44[ l i i it i i ' 

combined to build up a theiapeotic-agent - loaded polymeric carrier to a desired thickness. 
Polymeric carrier thickness can be varied in other ways as well. For example, in one 
pit i; to I >tocess sol cut spt < lie! ss can ncreased by n tdification of 

coating pi • e > ' , ' j > ssi How ra 1 ing ih lavement 

between the device or template to be coated and the spray nozzle, providing repeated 
passes and so forth. 

|O045j After the th n tic-ag f < d > polymerh carrie.f is formed (using one of 
the above processes, for example), it is preferably dried to remove the solvents. In the 
case of a coating, the coating typically conforms to the underlying surface during the 
drying process, with the therapeutic agent being incorporated into the polymeric coated 
layer. 

[0046] In the method of the present invention, release of the therapeutic agent from 

rrier :.s modul n system 

that is used t form the theraj i 1 loaded polymeric carrier 
{0047] Ideally, the release characteristics of interest are the release characteristics 
within the subject, for example, a mammalian subject. However, it is well known in the 
art to test the release characteristics within an experimental system that gives a good 
indication of the actual release characteristics within the subject. For example, aqueous 
buffer systems are commonly used for testing release of therapeutic agents from vascular 
devices. 

10048] In general the solvent system that is selected contains one or more solvent 
species. The solvent system is a good solvent for the polymer and for the therapeutic 
agent. 

|0049] In addition to their ability to contribute to the solubi Hty of the polymeric and 
therapeutic constituents (and their compatibility with the these constituents), fee 
particulars i r i cted based on 

other characteristics including drying rate and surface tension. 
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[0050] Solvent species that can be used in conre. ti n \ nit pre n invention 
include any combination of one or more of the follow i . I n< s such as 

i * i \ i pt r i i ne, pentane, isopentant 

2,2,4-trimethlypentane, nonane, deeane. dodecane, bexadeeane, eicosane, 
ntefhyicyclohexane, cis-decahydi onaphthalene and trans-decahydronaphthalene, (c) 
aromatic species such as benzene, toluene, xylene(s), naphthalene -y > en< ethytbenzene, 

1- methykiaphthalene, 1 3,5-mmedryibenzerie. tetrahydronaphthalene, diphenyl and 1,4- 
dieth lut i j si lu hi >(i) chkn rbon such as 
chloroform s i orid loromethane IJ-dicblo > 1< " ne dtchioride, 
ethyhdeoe chloride, propyl chloride, cyclobexyl chloride, 1,1,1-trichloroethane, 
perchloroethykns, trichloToethylene. butyl chloride, carbon tetrachloride, 
tetrachloroethylene, chlorobenzene, o-dichlorobenzene, benzyl chloride, 

triehktrobi phenyl methylcyclohexane, 1,1 ,2,2-tetracblomethane (ii) fluorinatcd 
hal< na ' -| ecies such as chloiodiilouoromethane, diehlorofluoromethane, 
dich Jorcsdi fluoromethane, trich 1 orofluoromethane. i ,2-dichlorotetrafl aoroethane, 1 , 1 2- 
irichiorotriflMoroethane, perfluor(met}iykyclohexat)e), perOuon bin h >-l< \ clohexane) 
and (iii) other halohydrocarbons such as ethyl bromide, ethylidene bromide, ethylene 
dibromide, tribromomethane, bromotrifiuoromethane, 1,1,2,2-tetrdbromoethane, 
bromobenzene, bromochloromethane, 1-bromonaphthalerie, methyl iodide, methylene 
diiodide (e) aci i I 1 utyraldehyde, 

benzakkhyde, acetyl chloride, succinic anhydride and acetic anhydride, (f) alcohols 
including (i) phenols such as phenol, 13-bcnzenediol, m-eresol, o-methoxypftsnol, 
methyl salicylate and nonylphenol, (it) polyhydric alcohols such as ethylene glycol 
gly erol, proj i i 1 )1 1 " v butanecliol dielh> en gh o! tri i % ol hexylene 
glycol and dipropylene glycol, and (iii) other alcohols such as methanol, ethanol, ethylene 
cyanohydrm ally! alcohol l~propanol, 2-propanol, 3-chioropropanol, forfuryl alcohol, 1- 
butanol, 2-butanol, benzyl alcohol, isobutanol, cyclohexanol, l»pentanoI,2-ethyi-l* 
h ii i s 1 ( j )1, 1,3 Jimel t i 1 ' ut i 1 tctaie, butyl lac ul e (I 

glycol monomethyl ether, ethylene glycol monoethyl ether, diethykne glycol 
mon t . lene glycol monoeth) \ j e- 1 yle e ; ycol monofeutyl ether, 

2 - ethyl - 1 -hexanol , 1 -oetanol , 2-octanoJ, diethyleite glycol monobotyt ether, i -decanol, 1 - 
tridecyl alcohol, nonyl-phenoxy ethanol, okyl alcohol, triethyleni g! - mono-oleyl 
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ether, (g) ethers such as, epicblorohydrin, furan, 1 ,4-dioxane, dime&oxymethane, diethyl 
ether, bis-(2-chloroethyl) ether, anisole, di-{2~rnethoxyethyi) ether, dtbenzyl ether, di-(2- 
ehloroisopt | I ^. m-phcnoatypheBol) ether, dimethyl ether and tctrahydrofuran, 
(h; ketones such as acetone he >one rpboron 1 i ston m sityl oxide, 

i t\ ketone methyl soam I ket m metb 1 so ketone, and 
methyl propyl '. tone acids sue ! i oie acid, butyric acid, 

octanoic acid, oleic acid, stearic acid, (jj esters/ acetates such as ethylene carbonate, 
butyroiaaorse, propylene- 1 ,2~caibonale, ethyl chlomformate, ethyl acetate, trimethyl 

i 1i i thyl soli ff crh 1 o n>at methyl scetate ii butyl 

acetate, isobutyl acetate, t- butyl acetate, 2-ethoxyethyl acetate, isoamyl acetate, dimethyl 
phtbalate, ethyl einnamate, triethyl phosphate, diethyl phosphate, butyl benzyl . phthalate, 
dibutyl hthalat diethyl phthalafe tricrysyl phosj t ph-tk. dibutyl 

sebacate, methyl oieate, dioctyl phthalate, dibutyl stearate isopiopyl acetate, isobutyl 
isobutyrate, n-propyi acetate and n-batyi propionate, (k) nitrogen compounds such as 
acetonitrile, acrylooitrile, propionitrile, butyronitrile, nitromerhane, nitroethane, 2- 
nitropropaiie, mtroberaens, eihanoSamine, ethylenediamme, l,l~dimethylhydra?ine, 2- 
pyrrohdone, pyridine, propylamine, morphcline, artaline, n-mefhyi-2-pyrrolidone, 
butylamine, diethyl amine, eye iohexyl amine, qu'moline, dipropylamine, ibrmamide, n,n- 
dimethyiformamide, n,n-dimethylacetamide . tetramethylurea, hexamethyl 
phosphoramide, dietbyienetriamme. triethylanrine and triethanolaraine, and (1) suitor 
compounds such as carbon disulfide, dimelhylsulfoxide, ethanethioi, dimethyl sulfone 
and diethyl sulfide. 

[0051] In addition to meeting the above criteria, the solvent system is also selected 
such thai release of therapeutic: agent from the polymeric carrier can be modulated by 
changing the makeup of the solvent system. For example, the makeup of the solvent 
system can be changed by adding one or more solvent species to the solvent system, by 
removing one or more solvent species from the solvent system, or both adding and 
removing solvent species from the solvent system. Moreover, even though the particular 
species making up the- solvent system may remain unchanged, the ratio of the solvent 
species relative to one another can be changed. 

[00521 In many preferred embodiments, the ratio of polymer to therapeutic agent is 
held constant as the solvent system is changed. 
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[0O53| it is also noted that particular species of the solvent system may also be 
selected to -i^cnier 
besides release characteristics., including biocompatibility, bioerosion andbtodegradation. 
[0054] A specific example of the present invention is presented in the Example 
below in v. 1 t is paelitaxel and the polymer is a polystyrene- 

poh isobut lei , > rene tri-block copolymer- As seen Iron: this example, the release 
rate can be varied by adding solvent species, rem< tm < n ; a ies, and changing the 
rati* ! Ivent species. For ristan c th da in th I tai i nit where a 
tetrahydrofuran (THF) solvent system is selected, the release rate can be reduced by 
adding toluene as a solvent species, and vice versa. Moreover, within a toluene/THB 
solvent system, the rate of release car: be reduced by increasing the ratio of toluene 
relative t< 110 m the system Cons ty, the re! u be increased by 

increasing the amount THF relative to toluene. 

(00S5| Although not wishing to be bound by theory, it is generally believed that 
effectiveness of the method of the invention is due, at least in pact, to changes in the 
distribution of the polymer and therapeutic agent within the resulting product. For 
example, de pen ling upon the sol vent system selected, as the solvent evaporates, (a) the 
therapeutic agent may be dissolved within the polymer phase, (b) the therapeutic agent 
may form a phase of its own that is distinct from the polymer phase, or (c) a portion of the 

tt v form its 

own phase. Moreover, the therapeutic agent may preferentially occupy a given region of 
the polymer carrier. For example, therapeutic agent may preferentially occupy the 
surface, a region just below the surface, or the bulk of the polymeric carrier. This, in turn, 
influences the release characteristics of the therapeutic agent from the loaded polymeric 
carrier. 

|0056] In addition, the situation is more complex where the therapeutic-agent-loaded 
polymeric earner is formed from a copolymer that contains polymer blocks of varying 
polarity, or where a polymer blend is selected which contains distinct polymer species of 
varying polari ty. Under these circumstances, phase separation of the polymer 
blocks/polymer components from one another can occur as the solvent evaporates, 
resulting the formation of distinct polymer domains (phases), which in turn influence the 
distribution of the therapeutic agent and hence the release rate. The formation of distinct 
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polymer domains may also result i n the migration of one of the domains to the surface, 

affecting the surface properties of the polymer carrier that is formed, including the surface 

tension oftl re ilt ig layer and the biocotnpatj} t « the same. 

|0057] The invention is further described with reference to the following non-limiting 

Example. 

EXAMPLE 

[00581 A solution is provided that contains the following: 99 wi% solvent system, 0.25 
wt% paclitaxel and 0.7$ wt% block copolymer The copolymer is synthesized using 
known techniques such as those described in U.S. Patent Mo. 5,741 ,33 1 , U.S. Patent No. 
4,946,899 and U S Serial No. 09/734,639. Hie solvent system consists of 
tetrahydrofuran (THF) and toluene, which are provided in varying ratios in this example. 
The solution is provided by (1) mixing the paclitaxel and tetrahydrofuran, (2) adding the 
copolymer, ( 3) adding the toluene, (4) thoroughly mixing (e.g., overnight), and (5) 
filtering. 

(00591 The solution is then placed in a syringe pump and fed to a spray nozzle. A stent 
is mounted onto a holding device parallel to the nozzle and, if desired, rotated to ensure 
uniform coverage, Depending on the spray equipment used, either the component or 
spray nozzle can be moved while spraying such that the nozzle moves along the 
component wh ile spraying for one or more- passes, 

(0060| After a coating is formed in tins fashion, it is dried, for example, by placing it in a 
preheated oven for 30 minutes at65»C, followed by 3 hours at 70°C. 
(006! j Three coated stents are formed in this manner using (in addition to 0 25 wt% 
paclitaxel and 0.75 wt% block copolymer) the following solvent species in the following 
relative amounts: (1) 99 wt% THT<\ (2) 75 wt% THF, 24 wt% toluene, (3) 50 wt% THF, 
49 wt% toluene, (4) 25 wt% THF, 74 wt% toluene, (5) 5 wt% THF, 94 wt% toluene. 
Release rate as a func tion of time and cumulati ve release as a function of time (referred to 
herein as the "release profile") were then measured in PBS with 0,5% Tween® 20 
(polyoxyethylene(2G) sorbitan monolaurate) available from Sigma- Aldrich. The results 
are graphically illustrated in Fig. i. 

[0062] As can be seen from this figure, where THF is selected as the solvent species for 
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the solvent system, paclitaxel release can be reduced by the addition of toluene to the 
system. Moreover, paclitaxel release varies with the ratio ofTHF to toluene within the 
solvent system. Higher THF-to-toluene ratios result in more accelerated paclitaxel 
release, while lower THF-to-toluene ratios result in more extended paclitaxel release. 
[0063] As noted above, and without wishing to be bound by theory, it is believed that 
changes n i f the paclitaxel within 

the polymeric carrier, which in turn alters the release characteristics of the paclitaxel from 
the polymeric carrier. 

(0064) Although various embodiments are specifically illustrated and described 
herein, it will be appreciated that modifications and variations of the present invention are 
covered by the above teachings and are within the purview of the appended claims 
without departing from die spirit and intended scope of the invention. 
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IN THE CLAIMS: 

1. A method • n < lalatmg a rate of release of a therapeutic agent from a medical 
device, said method comprising: (a) providing a solution comprising a therapeutic 
agent a block copolymer, and a solvent system: and (b) forming a therapeutic-agent- 
loaded polymeric carrier for said medical device by evaporating said solvent system, 
wherein said rate of release is modulated by changing the composition of said solvent 
system. 

2. The method of claim 1 , wherein said polymeric carrier is incorporated into said 
medical device as a coating over at least a portion of said medical device. 

3. The method of claim 1 , wherein said medical device is an implantable or insertable 
medical device. 

4. The method of claim 1 , wherein said medical device is an implantable vascular 
medical device. 

5. The method of claim 1 , wherein said composition of said solvent system is changed 
by adding solvent: species to the solvent system. 

6. The method of claim 1 , wherein said composition of said solvent system is changed 
by removing solvent species from the solvent system. 

7. The method of claim 1 , wherein said composition of said solvent system is changed 
K both ado i eeies to the solvent system and removing solvent species 
from the solvent system. 

8. The method of claim 1 , wherein said solvent system comprises first and second 
solvent species, and wherein said composition of said solvent system is changed by 
changing the amount of said first solvent species relative to said second solvent 
species. 
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9. The method of claim 1 , wherein said block copolymer comprises (a) at least one 
polyolefm block and (b) at least one polymethacrylate block or poiyaromatic block. 

10. The method of claim 1 . wherein said block copolymer comprises (a) at least one block 
of poly iso butyl ene and (b) at least one block of polystyrene or a polystyrene 
derivative. 

1 1 . The method of claim 1 0, wherein said solvent system comprises toluene and 
te-rahydrofuran. 

12. The method of claim 31, wherein said therapeutic agent is paclitaxel, 

13. The method of claim 12, wherein said composition of said solvent system is changed 
by changing the amount of toluene relative to tetrahydrofuran. 

14. A medical device formed by the method of claim 1. 

15. A medical device formed by the method of claim 4. 

16. A medical device formed by the method of claim 9. 

17. A method of modulating a rate of release of a therapeutic agent from a medical 
device, said method comprising: (a) providing a solution comprising a therapeutic 
agent, a polymer, and a solvent system^ and (b) forming a therapeutic-agent-loaded 
polymeric carrier for said medical device by evaporating said solvent system, wherein 
said rate of release is modulated by changing the composition of said solvent system. 

18. The method of claim 17. wherein said medical device is an implantable vascular 
medical device. 

19. The method of claim 17, wherein said polymer is a polymer blend. 
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20. A medical device formed by ih& method of ciaint 17. 
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